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Deaerlption 

[0001] The present invention relates to an agent for anti-osteoporosis, and more parttoutarty to an agent for anti- 
osteoporosis, comprising trehalose as an effective ingredient. 

S [0002] Osteoporosis, alias ScattQi^ disease, is a symptom of the bona where the absolute quantity of bone lowers 
without qualitative change. In living bodies, osteogenesis by osteoblasts and bons resorption by osteoclasts are con- 
tinued cesiselessly. Osteogenesis is Induced by an imbalance between the rates of osteogenesis and bone resorption, 
caused by some factors, that is inclined to a negative equilibrium side. The major causativss of osteoporosis are 
clasiBified into environrriental' and genetic-factors; the former may be ageing and endocrine diseases such as hyper- 

10 thyroidism, hypogonadism, Gushing syndrome, etc.; arKi the latter may be abnormality in an estrogen receptor gene, 
osteogenesis imperfecta tarda, homocyetsinuria, etc. Once osteoporosie is caused, the following occurs successively 
to make bone porous; the width of cortical bone narrows, the cavity of bona marrow enlarges, and the trabecula of 
cancellous bone lowers. As osteoporosis progresses, the physical strength of bone lowers, and this makes patients 
complain frequently about their lumbago and arthralgia and makes their bone broken easily with only a slight shock. 

IS [0003] In the treatment of osteopon^sis, patients are usually administered wilh analgesics to relieve pain, and then 
adminiatarad with calcium-metabolism related agents such as preparations of activated vitamin 0. calcitonin, estrogen, 
and protein aiiatx>lic hormones. Most of these conventional agents for osteoporosis were hormone preparations which 
may induce serious side effects; some patients may be forced to cease their administrations before receiving the 
desired therapeutic effect. The Incidence.of osteoporosis is ntore and more accelerated as ageing. As the graying is 

20 Just eround the corner, It Is now greatly need to explore a dally and easily usable agent for ant^csteoporosls that exerts 
an effective therapsuf ic/prophylacttc effect to live on healthy and to enjoy a worry-free retirement. 
[0004] In view of the foregoing, an aim of the present invention is to provide an agent for anti-osteoporosis that exerts 
an effective therapsulic/prophyiactic effect when adrrtinisterad oral^ or parenteraliy. 

[0005] The present inventors' screening for various substances resulted in a completely unexpected finding Uiat 
2S trehalose, a disaccharide, controls the osteogenesis. Inclined to a negative equilibrium ekJe, to the normal conditions 
when administered to mamn^ls and humans, and then exerts a therapeutic/prophylactic effect on osteoporosis with 
lesser side effects. The pressnt invention provides an orally or parenteraliy admin istrable agent for anti-osteoporosis, 
comprising trehalose as an effective ingredient. 

[0008] Trehalose ie.a disaccharkia. composed of two glucose nnolecules bound together at their reducing groups, 
90 and is widely distributed in the natural world; it is present in microorganisms, mushrooms, insects, etc. Although the 
demand of trehalose as a substltuent saccharide for sucrose has been Increased In the fields of food products, cos- 
metics, and phannaceutlcals, the physiological action of trehalose in mammals is not substantially elucidated except 
for an energy^upplementing action, moisture-Imparting action on the skin, and controlling action on fatty acid in the 
blood. 

3S [OtX)7] Trehalose per ss is a known compound. The present invention, however, as msntioned above, was made 
based on a self finding that the trehalose exerts an outstanding anti-osteoporosis in mamnnals. Thus, the use of tre- 
halose as an orally or parenteraliy admtnistreble agent for anti-osteoporosis is novel 

[0008] The invention will now be described in further detail, by way of example only, with reference to the following 
examples and acconrtpanying drawings in which: 

40 

FIG. 1 is an intermediate tone image of a photograph (x 24). displayed on a display, of the tibia of a mouse in an 
ovary-removed mouse group with trehalose, photographed under a low-vacuum scanning electron microscope ; 
FIG. 2 is an Intennediate tone image of a photograph (x 24). displayed on a display, ot the tibia of a mouse in an 
ovary-removed mouse group with no trehalose, photographed under a low-vacuum scanning electron microscope ; 
FIG. a Is an intennediate tone image of a photograph (x 24). displayed on a display, of the tibia of a mouse in an 
ovary-non-removed mouse group with no trehalose, photographed under a tow-vacuum scanning electron 
microscope ; 

FIG. 4 is an intennediate tone image of a photograph (x 24). displayed on a display, ot the tibia of a mouse in an 
ovary-removed mouse group with trehalose, photographed under a low-vacuum scanning electron microscope ; 
so FIG. 5 is an intenmediate tone image of a photograph (x 24), displayed on a display, of the tibia of a mouse in an 
ovary-removed mouse group with no trehalose, photographed undera low-vacuum scanning electron microscope ; 
and 

FIG. 6 is an intermediate tone image of a photograph (x 24). displayed on a display, of the tibia of a mouse in an 
ovary-non-removed mouse group with no trehatose. photographed under a low-vacuum scanning electron micro- 
ss scope. 

[0009] The present invention relates to an orally or parenteraliy administrabte agent for anti-osteoporosis, comprising 
trehateise as an effective ingredient. As it is well known, trehak^se has three optical isomers with different bonding 
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fashions, i.e.. a, a-, a. ^ and p.^-Uehaloses. Sinca these compounds exert substantially the same anti-oeleoporosie 
action on mammals and humans, they are advantageously used in the present Invenlioa Thus, in the agent according 
to the present cnvenlbn. at least one of these optical isomers can be used in an effective amount in total, and the 
tsomers can be used independent^ of their preparation and property. 

5 [0010] The trehalose usable in the present invention can be prepared by various methods. Leaving out the detailed 
dsscrtptlon of the process for producing trehalose because this invention doss not relate to the process in itself, and 
if considering the production cost of trehalose, methods comprising a step of contacting non-reducing sacchartde- 
forming enzymes and trehalosereleasing enzymes with partial starch hydrotysates, as disclosed in Japanese Patent 
Kokai Nos. 143,876/95. 213.283/95. 322.883/95. 298.880/95. 65,187/96. 66.188/96. 336,389/96. and 84.586/96, ap- 

10 plisd by tha same applicant as the present invention, can be satisfactorily used. With these methods, a3*trehalose is 
produced from a relatively-low cost of starches as a material in a relatively-high yield. Examples of convnerctally avail* 
able products obtained by the methods are "TREHAOSE^. an edible trehalose product containbig at least 9B% tre- 
halose, on a dry solid basis (d.s.b.). cuid *TREHASTAR®*, a trehalose syrup containing at least 28% trehalose, d.s. 
b., which are commercialized by Hayashibara Shojl, Inc.. Okayama, Japan; and a reagent grade trehalose with a purity 

rs o1 at least 99%, d.s.b.. commercialized by Hayashibara Biochemical Laboratories. Inc., Okayanna, Japan; oua-Treha* 
lose can be prepared by using either mallose/lrehaJose converting enzymes as disclosed in Japanese Patent Kokai 
Nos. 170,977/95, 263^, and 149,980/96; or conventionally known maltose- and trehalose-phosphorytases in com- 
bination. 

[0011] To pioduce trehalose in an a. p-optlcal ieomer. cyclomaltodextrin glucanotranaf erase and p-galactoskteise are 

20 allowed to act on a mixture of a partial starch hydrolysate and lactose In this onJer according to the method disclosed 
in Japanese Patent Kokai Nos. 144,694/92 and 179.490/92. applied by the present applicant. ^.p-Trehalose can be 
obtained by conventional chemical syntheses. In the present invention, these trehabsa isomers should not necessarily 
be highly purifisd when orally administered and should not necessarily be separated from other impurities. These 
optical isomers can be those in an unseparated form or those in a composition form comprising ariother saccharides 

2s produced by-products In the processes used, or can be those In a mixture form comprising artother adequate compo- 
nents that do not substantially hinder tha antl-osteoporosIs action by trehalose on mammals and humans. In the case 
of injecting the present agent for anti-osteoporosis to humans and animals, pyrogens present in trehalose should 
preferably be removed before use by using oneor more desalting means such as ion exchangers, macroporous resins, 
activated charcoals, and membrane filters; absorption means; and filtering means. 

30 [0012] When administered to mammals and hunrians, trehalose exerts an action of controlling the balance of oste* 
ogenesls and bone absorption to the desired nomnal conditions; Trehalose acts in such a manner that It maintains the 
conditions when the balance Is in the normal conditions, and acts to recover the balance to the desired cond^ions 
when tha balance is inclined to a negative equilibrium side as a result of an unsatisfactorily gap between the rales of 
osteogenesis and bone absorption as fourxJ in tow-revolutionary osteoporosis, where the osteogenesis rate falls below 

96 the normal level to lower the bone content as in geriatric osteoporosis; and found in high*rBVolutionary osteoporosis, 
where the bone absorption rate exceeds the nomnal level to lower the bone content as In hyperparathyroidisnrL Because 
of these actions, the administration of trehalose to mammals and humans malntalns^romotes the healthy conditions 
of the bone when the bone is in a good condition, relieves lumbago and arthralgia anendant on osteoporosis In human 
patients with osteoporosis. Increases the bone content, and strengthens the bone not to be broken easily. Thus, the 

40 wording "agents for anti-osteoporosis' as referred to in the presenl invention means pharmaceuticals and food products 
including beverages, that contain trehalose as an effective ingredient and are taken to treat and/or prevent osteoporosis. 
The characterisltc effects exerted by the present agent for anti-osteoporosis can be confirmed, for example, tay the 
later described test using, as an index, the weight of the femur in ovary-extracted mice. 

[0013] The agent for anti-osteoporosis according to tha present Invention can be trehalose alone or composittons 
4B comprising trehatose and another Ingredients ihat ease the administration of trehalose. When the compositions are 
orally administrable ones, they are generally provided in the form of a food product or an orally administrable pharma- 
ceutical composition including foods and fluids for intubation feeding, and more particularly, in the form of a liquid, 
suspension, emulsion, cream, paste, powder, granule, and another types of solid food products and pharmaceuticals, 
shaped in a desired form. The present agent in a food-product form is a composition prepared, for example, by using 
so water, alcohols, amylaceous substances, proteins, fibers, saccharides, lipids, vitamins, minerals, flavors, colors, sweet- 
eners, seasonings, flavors, stabilizers, anti-oxidants. and antiseptics, as well as materials for health foods such as 
sacchark^es for promoting the growth of bifid bacteria, powdered milks, milk protevi hydrotysates including casein 
calcium peptides and casein phosphopeptides. lactoferrin. soybean isoflavones. blood meals, bone meals, and pow- 
dered corals, which are all generally used in food products as materials and/or ingredients. These compositions can 
SB be those In ths form of a food or fluid for intubation feeding. To prepare the presenl agent In the form of a pharmaceutical, 
trehalose is processed Into a composition by using one or mors carriers, exciplents/adjuvants, diluents, and stabilizers, 
and If necessary calcium preparations such as cateium lactate, calcium glycerophosphate, calcium hydrogenphos- 
phate. and calcium L-asparaginate; and another agents such as analgesics, antiphlogistics. activated vitamin 0 prep- 
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arations. vitamin K preparations, calcitonin preparations, estrogen preparations, and protein anabolic hormone prep* 
arations. Depending on use, the present agent for anthosteoporosis usually contains trehalose in an amount of at least 
0.1 w/w %. and preferably at least one wAv % when used orally. 

[0014] Explaining the oral use of the present agent for anti-osteoporosis to humans, the present agent exerts a 
5 moderate anli-ostaoporosis action when administered to humaris. Depending on use, in the case of maintain ing^ro- 
moting the bone conditions and preventing osteoporosis, the present agent is oralty administered to humans ri the 
form of a food product. To treat osteoporosis, prevent fracture, and relief lumbago and arthralgia attendant on oste- 
oporosis, the present agent is generally administered to hunnans in the form of a food product or an orally admin istrabla 
pharmaceutical such as a liquid, syrup, powder, granule, tablet, or capsule. The daily dose of file present agent is 

10 usually about 0.5 to about 100 g/adult/day, and preferably about 1 to atxuit 50 g/adult/day with respect to the amount 
of trehalose. The present agent can be administered at a dose of 1 ^ shotsAAreek very other day. 
[0015] The present agent for anti-osteoporosis in the form of an injection form is usually prepared by dissolving in 
water as a base an effecthfe amount of trehalose and one or more ingredients excluding trehalose. The ingredients, 
which are incorporated Into the present agent, include saccharides such as glucose, nr^ltose. fructose, sorbitol, xylitol; 

fS electrolytes such as sodium hydroxide, sodium chloride, sodium iodide, sodium acetate, sodium lactate, sodium citrate, 
sodium monohydrogenphosphate. potassium dihydrogenphosphate, calcium acetate, calcium lactate, calcium glycer- 
ophosphate, calcium gluconate, magnesium sulfate, zinc sulfate, zinc chloride, iron sulfate, ferrous chloride, copper 
sulfate, and manganese sulfate; amino acids such as L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenytalanine, 
L-threonone, L-tryptophane. L-vallne. L-arginoie. L-hlatidlne. glycine. L-alanlne. L-cysteine, L-aspartic acid, L-glutamic 

20 acid. L-piollne, L-eerlne, and L-lhyronlne; vitamins such as thiamine chloride, riboflavin monophosphate, pyrtdoxtne 
hydrochloride, cyanooobalamlne. calcium pantothenate, nicotinic acid amide, folic acid, bbtin, choline bitartrate, L> 
ascorbic acid, retinol acetate, tocopherol acetate, and phytonadione; plant and animal lipids such as soyt>ean oil, 
safflower oil, linseed oil, coconut oil, whale oil, and marine oil; calcium preparations such as calcium lactate, calcium 
glycerophosphate, calcium hydroganphosphate, and calcium L-aspartate; and agents such as preparations of activated 

2S Vitamin D, vitamin K. calcitonin, estrogen, protein anabolic hormones, analgesics, and antlphlogldtlcs. 

[0016] To prepare the above ln|ectabte agents for antl-osteoporosls according to the present Invention, trehalose Is 
dissolved in water together with one or mora of the above ingredients other than trehalose in an amount that makes 
the trehalose content 0.1 w/w % or more, and more preferably 1-10 w/w %. The resulting mixtures are sterilized by 
filtering using membrane filters, etc.. bijecting aseptically the filtrates into appropriate containers after controlling the 

so osmotic pressure if necessary, and then cap sealing the containers directly or after lyophilizing the contents. The pH 
of the solutions is preferably adjusted to around neutral pH, and more particularly to pHa of about 6.0 to about 7.5. The 
solutions can be kept at these pHs by the addition of an adequate amount of acids and/br alkalis or the addrtton of 
phamriaceutically-acceptable buffers such as phosphate- and carbonate-buffers. 

[0017] Explaining the injection use of the present agent for anti-osteoporosis to humans, the present agent exerts 
9S an outstanding anti-osteoporosis action without inducing serious side effects when injected. To maintain/pronnote the 
health conditions of the bone and to prevent osteoporosis, the present injectable agent, after dissolving in a relatively- 
small amount of a solution not more than 100 ml. Is administered to humans at one shot within one hour by Injection, 
Instillation, etc. To relieve lumbago and arthralgia and to prevent fracture, the pfo&Qrtt injectable agent, aftsr dissolving 
in a r6latively*large amount of a solutbn not more than 500 ml, is administered to humans at one shot by instillation. 
^ etc. In each case, the administration rate should preferably be not higher than 0.5 g/kg body weight/hour with respect 
to trehalose by weight, and an administration time should preferably be within two hours. The present injectable agent 
for anii-osteoporosis can be administered to humans, for example, by subcutaneous-, intramuscular-, intraperitoneal-, 
or intravenous-Injection; the intravenous administration is most preferable. Depending on use, the agent Is usually 
administered to humans at a dose of about 0.5 to about 1O0 g/adutt/day, and preferably at about 1 to about 50 g/adutt/ 
45 day with respect to the dose of trefialose. 

[OOld] The following Experinnents 1-3 describe the effect and safety of the.orally-administrable agent for anti-oste- 
oporosis according to the present invention, and Experiments 4*5 describe the effect and safety of the injectable agent 
for anti-osteoporosis accordiig to the present invention: 

so Experiment 1 

Animal experiment 

[0019] According to what is done conventionally female ddY mice. 4-week-old. which had been grouped into 34 
ss heads/group based on their body weight, were anesthetized with sodium pentobarbital, and extracted their ovaries. 
From the next cfay. the mice were orally administered with "TREHAOSE®". a crystalline trehatose powder cortaining 
at least 93% trehalose, d.s.b., commercialized by Hayashibara Shoji, Inc. Okayanna. Japan, which had been dissolved 
in distilled water, at a dose of 0.01 . 0. i or 1 g/kg body weight per shot once every day. five shots in a week. Four weeks 
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after completion of the administration, the mice were weighed, sacrificed in the usuaJ manner, and extracted their both 
sides of femurs, tolbwed by drying the femurs under heating conditions at 11 overnight and weighing the dried 
contents. The feed used was a low^bium feed for ease of making the diiference of the bone content 
[0020] In parallel, the following control groups were provided and treated similarly as the group with trehalose: As 
control 1. a group in which mice were administered with the same amount of distiitsd water as the aqueous trehalose 
solution in place of the trehalose solution: as oontfol 2, a group in which mice were administered with estradiol, as a 
therapeutic agent for osteoporosis, dissolved In the same amount of distilled water as the aqueous trehalose sc^ution 
in place of the trehalose solution, at a dose of one mg/kg body weight/shot, two times a week; and as control 3, a group 
in which mice, which were received with a laparotomy pseudo-operation and not extracted their ovaries, were admin- 
istered with the same amount of distilled water as the aqueous trehalose solution in place of the trehalose solution. 
The dry weight of femurs of the mica with trehalose and that in controls 1 to 3 were tabulated in Table 1 . Some of the 
mice administered with trehalose at a dose of 0.1 g/kg body weight/shot, and the mice in controls 1 and 3 aa groups 
with no. trehalose were extracted their tibbs, followed by observing the tibiae microscopicalty. The specimens for 
microscopic observation were prepared in the usual manner by immobilizing the extracted tibiae with formalin solution, 
washed with water, delimed, split along with the long axis, and treated with protease K to remove bone marrow cells. 
The specimens of libias were observed by a retatively-tow vacuum electron-microscope under 24 magnificat bns, and 
photographed. The data are respectively in FIGs. 1 to 3. In these figures, white parts are the trat>ecula of cancellous 
bone. The osteoporosis occurred in the mice extracted their ovaries is called oophorectomized osteoporosis and is an 
excellent rno^el for postmenopausal osteoporosis as a geriatric osteoporosis. 
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[0021] The data in Table 1 shows that, when taken orally by mammals, trehabsa significantly Inhibits the lowering 
of the bone content attendant on osteoporosis, although the effect is not so pronrpt as estradiol. The ^hibrtory etfect 
on the towering of the bone content was found at a dose of about 0. 1 g/kg body weight/shot of trehatose, and the effect 
was more increased at a dose of one g/kg body weight/shot. The action o( trehatose can be understood from the 

5 photographs of FIGe. 1 to 3. Comparing the tibiae in FIGs. 1 and 2 white regarding RG. 3 as the normal one, the tibia 
in control 1 , as shown in from the middle part to the tower part in FIG. 2. the reduction of the trabacula in cancellous 
bone and the expansion of the cavity o1 marrow, typically observed fn osteoporosis, were clearly found, and the bone 
was physically weakened. While the tibia in the group with trehalose, as shown In FIG. 1 . the reduction of tiabecula in 
canceltous bone and the expariston of the cavity of marrow were clearly inhibiled, and the bone was physically strength- 

10 ened. No abnormality induced by the administration of trehalose was found after careful obsen/ation throughout the 
experiment. As data is not shown, a group, where mice were administered with sucnDse in place of trehatose, was 
providsd and tested similarly as the mice with trehatose. As a resutl, no significant difference was found as compared 
with the control group where mice were extracted their ovaries and administered with distilled water. 
[0022] Similarly as above, the tiblas were extracted from sorr^ mice, excluding the aforesaid mice which had been 

IS extracted Ihsir tibias. in the group with trehalose at a dose of 0.1 g/kg body weight/shot, and in the groups 1 and 3. 
From each tibia, bone marrow cells were collected in the usual manner and suspended in cl-MEM mediun% supple- 
mented with 10 vA/ % fetal calf serum, to give a cell density of 1.5 x 10^ cells/ml. The resulting cell suspensions were 
respectively placed in 24*well plates in a volume of 0.5 ml/wall. To each well was added 0.25 ml/well of a cell suspension 
with a cell density of 4 x 10^ cells/ml of osteobtast-llke cells suspended in a fresh preparation of the same medium as 

20 above. A solution of 4 x lO^M i o. 25-dIhydroxy vitamin O3. dissolved In a fresh preparatton of the same medium as 
above, was added to each well in a volume of 0.25 m^lt. The resulting cell suspension mixtures were incubated in 
a 5 v/v % CO2 incubator at ST'^C for six days while replacing the mec£a with a fresh preparation of a-MEM medium 
containing 1 x IO-®M 1 a, 25-dihydroxy vitamin D3 and 1 0 vA/ % fetal calf serum. 

[0023] After completion of the culture, the supematants were removed, and the cells in each well were fixed with 
25 fonnalln. and treated In the usual manner with "NAPHTHOL AS-MS PHOSPHATE" and 'RED VIOLET LB SALT", 
which are conrvnerclallzed by Sigma Chemical Company, ST Louis. MO. USA. to slafn the cells having a tartarlc-acld- 
resistant-acid-phosphatase activity. The differentiated osteoclasts have a tartaric-acid-resistant-acid-phosphatase ac- 
tivity and a feature of multinucteation. After staining, each well was microscopically observed to count multinucleated 
cells for determining the number of osteoclasts. As a resulL the osteoclasts in the well of control 1 was at least S-t^nes 
30 higher than that of control 2, while the number of osteoclasts in the group with trehalose was about 2-time8 higher than 
that of control 2. This shows that trehalose has an acth/lty of Inhibiting the differentiation of osteoclasis. There found 
good correlations between the lowering of the bone content attendant on osteoporosis and the differentiation induction 
of osteoclasts in the above experimental animals of control 1 , and also between the Inhibition of the lowering of the 
bone content and the differentiation induction inhibition of osteoclasts in the group with trehalose. These data of Ex- 
3S ' periment 1 indicate that trehatose controls the osteogenesis, inclined to a negative equilibrium side, to the normal 
conditbns and exerts a moderate anti-osteoporosis act ton. and that the action by trehalose to inhibit the differentiation 
of osteoclasts relates to the above action. 

Experiment 2 

40 

Clinical test 

[0024] Thirty-four volunteers, cortsisting of 17 males and females respectively. 60 to 72 years old, who were suffering 
from lumbago and arthralgia attendant on geriatric osteoporosis and post-traumatic osteoporosis, were dMded into 

4S two groups consisting of nearly the aama numbers of both sexes, and allowed to intake either the present agent for 
anti-osteoporosis prepared by the method in the later descrit)ed Example 5. or a placebo similariy as in Example 5 
except for replacing trehatose with sucrose at a dose of five tablets/shot every after meal over one month. Throughout 
the experiment, medical technologists cor^ucted the experiment and asked the volunteers their conditbns at pre- 
scribed times. After completion of the experiment, the effects of the samples tested were graded into four ranks; 'very 

so efficacious', "slightly efficactous*, 'unchanged', and "worsened' based on the results of the inquiries. The efficacy (%) 
Is expressed as a percentage of the total nurrber of volunteers.'who answered "very efficacious** and "slightly effica- 
cious", to the total numt>er of volunteers in each group. The results are in 
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Tabid 2 



Test sample 


Judgement 


Agent for Anti-osteoporosie according to the present invenlbn 


Placebo 


Very efficacious 


2 


0 


Slightly efficacious 


5 


1 


Unchanged 


10 


15 


Woreened 


0 


1 


Efficacy (%) 


41 


6 



[0025] The data In f^ble 2 shows that the present agent for antl-osteoporosIs Is effecth^e on reOeving lumbago and 
f5 arthralgia attendant on osteoporosis; The efficacy ot the group with the placebo was lower than 10%, while the group 
with the present agent was as high as over 40%. There found no volunteer who complained about his or her mental 
and physical conditions after receiving the present agent, while most of the volunteers answered that thay slept well, 
relaxed comfortably, defecated regularly, and that the previous defectiveness on working and walking were reduced. 
These results indicate that the present agent for anti-osteoporosis exerts a moderate anti-osteoporosis action. 

20 

Experiment 3 
Acute loxicitv test 

^5 [0026] An adequate amount of 'TREHAOSE®". a crystalline trehalose powder having at least 98% of trehalose, d. 
s.b., commercialized by Hayashibara Shoji, Irw.. Okayama. Japan, was dissolved in physiotogical saline containing 5 
w/w % gum arable, and the solution was sterilized In the usual manner. The sterilized solution was injected intraperi- 
toneally or orally administered using a gastric lube to ddY mice, 20-25 g weight, in a group of 10 heads, followed by 
the obsen/atbn for seven days. As a result, independently of the administration routes, no mouse died even admlnis- 

^ tered with the maximum dose, 1 5 g/Kg body weight. The data shows thai the present agent for anti-osteoporosis can 
be daily administered to mammals and humans with lesser side effects. 

Experiment 4 

55 Anfrnal exoeriment 

[0027] An injectksn containing 10 wAv % trehalose, obtained by the later described ExEvnple 7, was diluted with a 
phosphate buffered saline, which had been filtered with a membrane filter having a pore size o1 0.22 pm (hereinafter 
abbreviated as *PBS'} into a 0.1 wAv % or 1 w/w % trehalose solution. These solutbns and the above injection were 

40 used for test samples. According to what is done conventionally, f emale ddY mice. 4-week-old. which had been grouped 
into 34 heads/group based on their body weight, were anesthetized with sodium pentobarbital, and extracted their 
ovaries. From the next day. the mice were injected from their tail veirw with any one of the test samples at a dose of 
5 ml/kg body weight/shot, once every day and five times a week. Four weeks after completion of the administration, 
the mice were weighed, sacririced In the usual manner, and extracted their both sides ot femurs, followed by drying 

45 the femurs under heating conditions at 110'C overnight and weighing the dried' contents. The feed used was a bw- 
calcium feed for ease of making the difference of the bone content. 

[0t)28] In parallel, the following control groups were provided and treated similarly as the group with trehalose: As 
control 1 , a group in which mice were administered with the same amount of PBS as the test samples in place of them; 
and as control 2. a group in which mica, that were received with a laparotomy pseudo-operation and ware not extracted 

^0 their ovaries, were administered with the same amount of PBS as the test samples in place of them. The dry weight 
of femurs of the mice with test samples and that in controls 1 and 2 were tabulated in Table 3. Some of the mice 
administered with trehak»e using one wAv % trehalose solution, and the mice in controls 1 and 2 as non-trehalose 
administration groups were extracted their tibias, followed by observing the tibias microscopically The specimens for 
microscopic obssn^tion were prepared in the usual manner by immobilizing the extracted tibias with formalin solutbn. 

55 washed with water, delimed, split along with the long axis, and treated with protease K to remove bone marrow cells. 
The specimens of tibias were observed by a relatively-low vacuum electron-microscope under 24 magnifications, and 
photographed. The data are respectively in FIGs. 4 to 6. In these figures, white parts are the Irabacula of canceltous 
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bone. The osteoporosis occurred in mice extracted their ovaries is called oophorectomtzed osteoporosis and is an 
excellent model for postmenopausal osteoporosis as a geriatric osteoporosis. 
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Example 5 

SuDPiBmental haaHh (ood 

s [0042] Rfty-fi va parts by weight of 'TREH AOSE® " , a cryetalline trehalose powder containing at least 98% trehalose, 
d.s.b.. cofTYTierctalized by Kayashibara Shop, Inc, Okayania, Japan, 40.5 parts by weight of com starch, and 2.5 parts 
by weight of crystaDine cellulose were mixed. The mixture was in the usual manner kneaded while an adequate amount 
of water was dropping thereunto by spraying, subjected to fluidized^ed granulation, pulverized, and sized 1o obtain a 
powder for tabletting. Thereafter, the powder was admbced with two parts by weight of sucrose fatty acid ester as a 

TO brightensr and tabletled by a tabletting machine, with a punch of 11 mm in diameter, to obtain tablets, about 300 mg/ 
tablet. 

[0043] The product, having a satisfactory swallowability and easy dtsintegrability in the intestinal tracts, is useful as 
a supplemental health (ood for malntaining4>romoting the health conditions of the bone. 

'5 Example 6 

Supplemental health food 

[0044] Thirty-nine parts by wight of "TREHAOSE®". a food grade trehalose with a purity of at least 98% commer- 
ce clallzed by Hayashlbara Shojl. Inc., Okayama, Japan, 25 parts by weight of a powdered natural coral, nine parts by 
weight of a cattle bone meal. 12 parts by weight of powdered yog|hurt, 10 parts by weight of guar gum, 1 .9 parts by 
weight ol vitamin C, and 0.1 part by weight of a glycosyl vitamin P were kneaded while water was dropping in Uie 
mixture by spraying. Then, the resulting mixture was subjected to fluidized-bed-granuLalion, puh/erized. and sized to 
obtain a powder for tablets. The powder was mixed to honrxageneity with three parts by weight of sugar fatty acid ester 
as a gloss agent, and tabletted with a tabletting machine with a punch of 6-mm in diameter Into a tablet containing 
trehalose, about 200 mg weight. 

[0045] The product supplemented with calcium is easily swallowable and can be arbitrarily used as a supplemental 
health food for maintaining and/or promoting the health.- 

SO Example 7 

Injection 

[0046] *TREHAOSE<d" . a food grade trehalose with a purity of at least 98% commercialized by Hayashibara Shoji, 
9S Inc., Okayama, Japan, which had been removed pyrogens using an ion exchanger and an activated charcoal in the 
usual manner, was dissoh/ed by heating in distilled water for Injection, which had been equilibrated with an adequate 
amount of 0.5 M phosphate buffer (pH 7.0], to give a 10 w/W % trehabse solutioa The solution was filtered with a 
membrane fitter having a pore size of 0.22 \xm, and 200-ml aliquots of the filtrate were distributed to glass bottles. 
Theraafter, the gas within the bottles was replaced with nitrogen gas. sealed, and sterilized using a high-pressure 
<o steam to obtain a cok2rlass opaque solution v/ith a transmittance of 99.9% at a wavelength of 430 nm. 

[0047] The product with a satisfactory stability can be effectively used as an injection for treating/preventing oste- 
oporosis. 

Example B 

45 

Dried iniection 

[0040] *TREHAOSE<d". a food grade trehalose with a purity of at least 98% commercialized by Hayashibara Shoji. 
Inc., OkayanDa, Japan, which had been removed pyrogens using an ion exchanger and an activated charcoal in the 

so usual manner, was dissolved by heating in distilled water for injection, which had been equilibrated with an adequate 
amount of 0.5 phosphate buffer (pH 7.0), to give a 10 w/w % trehalose solution. The solution was filtered with a 
membrane fitter having a pore size of 0.22 pm, and 200HTtl afiquots of the filtrate were distributed to glass bottles. 
Thereafter, the bottles, containing a cotoriess. opaque solution with a transmittance of 99.9% at a wavelength of 430 
nm, were lyophitized. followed by repteu:ing the inner gans within the bottles with nitrogen gas and sterilizing the bottles 

ss with a relatively-high pressure steam to obtain a dried injection. 

[0049] The product is dissolved in an adequate amount of distilled water for injection t>efore use. The product with 

a satisfactory stability can be effectively used as an injection for treating/preventing osteoporosis. 

[0050] As described above, the present invention was made based on the finding that trehabse controls the osteo- 
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genesis, inclined to a negative equilibrium side, to the desired conditions, and then exerts an outstanding anthoste- 
oporosis action. Because of the action, the present agent comprising trehalose as an effective ingredient maintains 
and promotes the health conditions of the bone and prevents osteoporosis. When administered to patients with geriatric 
ostsoporoais including postmenopausal osteoporosis; those with hyperthyrokJism» hypogonadism. Gushing syndrome, 
ostBoganests imperfecta tarda, and homocysteinuria; those whose bones became to be easily fractured due to side 
effects of traumas and excessive administratbns of steroid hormones; artd those with abnormality in an estrogen 
receptor gene, the present agent relieves lumbago and arthralgia attendant on osteoporosis and increases the bone 
content to prevent fracture. Trehalose » a saccharide widely distributed In nature; It can be used daily with lesser side 
effects. Since the present agent inhibits the increase of (ow derisity lipoprotein (LDL) over the normal level in humans 
and mammals, the administration of trehalose to postmenopausal females exerts an satisfactory effect on the treatment/ 
prevention of circutatory dieeasss including hemodynamic disorders, artertosclerosia, thrombosis, myocardial infarc- 
tion, and cerebral infarction, which are induced by an excessiva amount of LDL 

[0061] While there has been described what is at present considered to be the preferred embodiments of the Inven- 
tion, it will be understood the various modifications may be made therein, and it is intended to cover in the appended 
clavna all such modirications as fall within the true spirits and scope of the invention. 



Claims 

1 . An agent for antl-osteoporosis, comprising trehalose as an effective Ingredient. 

2. An agent according to cfaim 1, which further contahs another ingredient for ease off the administration of said 
trehalose. 

3. An agent according to claim 2. wherein said another ingredient Is one or more members selected from the group 
constating of saccharides excludkig trehalose, electrolytes, amino acids, vitamins, lipids, and mixtures thereof. 

4. An agent according to any one of claims 1 , 2 or 3, which contains at least 0.1 w/w % of said trehalose. 

5. An agent according to any one of claims 1 to 4, which is in the form of a prophylactic or tlierapeutic agent for 
osteoporosis. 

6. An agent according to any one of claims 1 to 5, which is in the form of a food product or an injection for intravenous 

administration. 

7. An agent according to any one of the preceding claims. vA\}ch is used as an osteoclast differentiation inhibitory 
agent 

d. Use trehalose for the preparation of an agent according to any one of claims 1 to 6, for the treatment and/or 
prevention of osteoporosis in humans or animals. 

0. Use of trehalose for the preparation of an agent acoordtngto claim 7. for inhibiting the differentiation of osteoclasts 
In humans or animals. 

10. Use of trehalose according to claim 8 or 9. wherein said agent is administered to said humans or animals orally 
or parenterally. 

11. Use of trehalose according to claim 10. v/herein said agent is administered to said humans or animals at a dose 
of about 0.5 to about lOOg/adult^day when administered orally. 

12. Use of trehalose according to claim 10. v/herein said agent is administered to said humans or animals ai a dose 
of about 0.5 to about 1 0Og/aduft/day when administered parenterally 
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